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1.2 La chimie radicalaire par propagation de chaîne 
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1.3 La chimie radicalaire des xanthates par transfert de groupe [13,14] 
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1.3 Les xanthates, synthèse et réactivité 
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1.3.1 Principales voies de synthèse 
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1.3.2 Additions inter- et intramoléculaires sur des pièges oléfiniques 
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1.3.3 Transformation du groupement xanthate 
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Chapitre 2 

2.1 Les radicaux acyles en synthèse organique, une brève revue 
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Ph SePh
X
O
OEt
Ph
X
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OEt CO
X
OEt
O
Ph O
X
OEt
O
Ph O
         AIBN, TTMSS,
CO (80 atm), PhH, reflux
2.18a: X = O
2.18b: X = NH
2.21a: X = O, 86% (cis:trans = 9:1)
2.21b: X = NH, 79% (cis:trans = 4:1)
2.19a: X = O
2.19b: X = NH
2.20a: X = O
2.20b: X = NH 

+3/5;

1	



2.2 Les radicaux acyles en synthèse organique, quelques limitations 
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Ph
O
Ph
kd = 4.0 s-1
kd = 2.1 x 102 s-1
kd = 1.4 x 104 s-1 kd = 8.1 x 106 s-1
kd = 8.3 x 105 s-1 kd = 1.5 x 108 s-1
Décarbonylation précédée par
         addition radicalaire
Addition radicalaire précédée
        par décarbonylation
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R1
R2
O SePh
H
H O
R1
R2
Bu3SnH, AIBN, 80°C 2.23: R
1
 = R2 = H, 86%
2.24: R1 = Me, R2 = H, 68%
2.25: R1 = R2 = Me, 49%
2.22 
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R
Catalyseur
  H2/CO
R
RO
O
R R+ + +
hydroformylation hydrogénation isomérisation
X Y
R
X Y
R
O
Conditions réductrices
Voie d'hydroformylation
Voie radicalaire
H O
R
2.27 2.26
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
2.3 Les équivalents synthétiques du radical acyle, une revue de la littérature 

2.3.1 Les acétals oxygénés, soufrés et azotés 
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2.3.3 Vers le développement d’équivalents plus performants 
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2.4 Vers le développement d’équivalents plus performants, une première approche 
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    0°C           t.a.
     71%
(d.r. = 1:1.1)
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2.125: R = Piv, 77%
            DLP,
ClCH2CH2Cl, reflux
2.108: R = Ac
2.110: R = Piv
2.126: R = Ac, 92%
2.127: R = Piv, 71%
TFAA, NaI, Acétone,
    0°C           t.a.


+3/433L
3/1353/136	




I	53674
133/120
3/112II
	
14+3

3H1
N

H

3/1353/136
	



     	
   3/122+3/1124 + 
  
 
 H
  

	1

L
gOH	

	L

:3/08
B
3/136	B
,/B
I
N
Piv
S
S
O
2.125
N
Piv
O
2.128
Br
N
Piv
O
2.129
       NBS,
Acétone/H2O
+

. ,/5I73 -5T7 &5d43/1303/1377
 =  @@4
: A  @64
 A + @4
& A +< 

3 #B
  A I  ,/ B   H B
 




	L	
	

"H
B		
H
		
353?74


I 
	
	B3

		
	
H

4@+3+
1"I3
	


1L,/I1DA6E	4	


 <<
3/130 N	3/136 	=I,/
N  H

1
3/137I
	
NB3

		
4
		




I4

B	O5-=47
2B3
4
		H
,
4
   	  B
 B 1L 
 	
  ,/ B
  IB HH
      
 #B
 B H 
 B

34 
	
  2+ DA=E4 B3 H

I DA?E 
  5H


17+


KLD<EB	
	L
N	
	
	
3/136
H


1+
44@+33/138B
	
H   

 B3
   
 N  H

 1  B3 3/142

IB
B

3I153@@7

N
Ac
S
S
2.126 NAc
O
2.130
              MeI,
CH2Cl2/Acétone/H2O,
              45°C
51%


+3/448
4@+33/138	B

3I1

'4 B3 3/142   
    
 
+
	  Ad N 	 
B
H3/79  H

3IIN  I
 3
@A H1

N
I
		
3I 133/00
	I
H


N
Ac
N
Ac
O
H
2.97
O
H
N
Ac
O
H
N
Ac
O
H
2.130


+3/45;

3/142	B
H
B
H3/79

<
# 3 3  4@+33/99      
 I  	
 3I 
133/00B	N
IH
2BH



HH   
        3L  33  1	4 
H

	
3/135	B
B1LX&B3
H1

NH

HHB
3/14153@<7

N
Ac
S
S
2.124 NAc
CH3
2.13195%
 W2 Ra-Ni,
EtOH, reflux
O


+3/462H
B
3/135	B
B1LX&

# 
	
 3/141   
    
 
+
	  A?d N 	 
B 3/79   H

  3I I N  I 
  
3@I
 	 3	B
H3/79
 	 I 
 N  H

3/141
   H
4  
3		N1HHH


	 1 
  3 
 D<+<@E B 	
I
 
 		
  3L

I H  I 1 D<AE    
		 B I
3I ' 
 
  13 3/00 	  	 1	 B I
3I34	HH
H


N
Ac
N
Ac
CH3
2.97
N
Ac
CH3
N
Ac
CH3
2.131
CH3


+3/48;

3/141	B
3B
H3/79

2   B  3	 B		
  
 3


4      
BX
  13 3/00 53 @67  N  	  
 H

 
H4
 <6
B
  	

  	

  	   H
 
+
	3   	  B


	
	 
	3  	L B BL
	  


   
  H  13  	 
   I   
I
	4133/143	BI3I
X		
S
S
S
S
OEt
O R S
SS S
OEtO
2.88 2.132
R
O
RCH2
Base, RX


+3/49'X
133/00	
3I	
X


 N  I    	
  4@+3 3/994  1	 BX
 


H
1 
	
 
  	 
1 D<<+E 2B	L  
  4 

  4@+3 +
1   	

   H  	H 	 B
 

	
	 35#2'7 D<6E'4 
B	4  13
3/00II
#2'4	 	B

	

1LB

34
NH

	
X3/14453@=7+

    
+
	  <d   	 
 H
 B  


L		3

	3



133/004B
LIB	
	I131

L
IN


S
S
S
S
OEt
O 2.88
S
SS S
OEtOMe 2.133
LDA, MeI, THF,
-78°C           t.a.
   50%
(d.r. = 1:5) 

+3/403
133/00



I
	4133/144B

I

	3/00'4   
  B
H3/79   

 I  

H13B	L53@?7O	LB
B


#
	

	13	 H
	
	
,
4

 H


 	   9H 
   N 
 I  	   H

  
	  B
 

	
	35#2'7N	
<=
I I
B4  B 3/145 B	 O 

3	
gN3I13	
3/144 'H   N  	
L4    B
  
 	  L
3
i
1L4I	BHHN		

S
SS S
OEtOMe
AcN
2.133
2.97
SSO
Me
S
AcN
S
OEt
2.134
            DLP,
ClCH2CH2Cl, reflux


+3/47-B
133/144

'
		3
I133/03
	N
3/503/6253A7#
	
L
	3B
I
  	L 	  
'H B  	
 3I  133/034 
HHB
1	B
BI/'# 13
3/00  
 
 	 
	3  B
     	L 
+
   

 I   
  H  13 # H


IB
  II+    
 
    
 
H I 
133/00 	I
 H
4I3
,
4B133/00II		HI30B
I 
 HH  I   
 
 
 H
    	


LI
	I


S
S
S
S
OEt
O 2.88
S
S
S
S
OEt
O
O
2.135
S
S
S
S
OEt
O
O
S
S
S
S
OEt
O
O
S
S
S
S
OEt
O
O
[ox]
A B C


+3/52!1
13=

2


4H
133/00+H
1
3/1464
	
I

	
	BO3
	3
 H   	L 
+ 53 A7 	4 	 	
L  	

'4	
I	B
1
IBO	
 <?
N
	H
I
	13		

1       3L  336 2 
04   L 3 

	 H
14  H

  	  
 N  H

  	


L4
1	
	
O53A7
.  
	   HH4 
 
 
 N  		
3  
 
 

N


	
IHB
	
3		3

2.6 Le xanthate dérivé du benzoate de cyanométhyle, un équivalent encore plus 
performant8 
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(2.168:2.170 = 1.4:1)
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1) DLP, ClCH2CH2Cl, reflux
     2) DLP, i-PrOH, reflux
      70%
(sur 2 étapes)
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            DLP,
ClCH2CH2Cl, reflux
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(d.r. = 1:1.1)
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MeI, NaOH, MeOH, t.a.
                  ou
      KCN, MeOH, t.a.
                  ou
     K2CO3, EtOH, t.a.
                  ou
     NaOH, n-Bu4NBr,
      H2O, CH2Cl2, t.a.
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1) n-BuNH2, THF, t.a.
    2) TFA, H2O, t.a.
             52%
(sur 2 étapes, d.r. = 1:1.3)
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    72%
(d.r. = 1:1.2)
(PhCMe2O)2,
 PhCl, reflux
NaHMDS,
THF, 0°C
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(d.r. = 1:1.8) 
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2.8 Partie expérimentale 

Méthodes générales 

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2.8.1 Synthesis of dithiocarbonic acid S-[1,3]dithian-2-yl ester O-ethyl ester (2.82). 

2.8.1.1 Bromomethanesulfonyl-benzene (2.72). 

S Br
O O C7H7BrO2S
Exact Mass: 233,94
Mol. Wt.: 235,10
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2.8.1.2 Benzenesulfonyl-phenylsulfanyl-methane (2.70) [24]. 

S S
O O C13H12O2S2
Exact Mass: 264,03
Mol. Wt.: 264,37
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2.8.1.3 [1,3]Dithiane 1,1-dioxide (2.78) [84c,86]. 

S
S
O O C4H8O2S2
Exact Mass: 152,00
Mol. Wt.: 152,24
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2.8.1.4 2-Chloro-[1,3]dithiane 1,1-dioxide (2.80) [87]. 

S
S
O O
Cl C4H7ClO2S2Exact Mass: 185,96
Mol. Wt.: 186,68
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S S
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S
O C7H12O2S4
Exact Mass: 255,97
Mol. Wt.: 256,43 
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2.8.1.5 Dithiocarbonic acid (1,3-dioxo-1,3-dihydro-isoindol-2-yl) ester ethyl ester (2.74). 

N
O
O
S
O
S
C11H9NO3S2
Exact Mass: 267,00
Mol. Wt.: 267,33
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2.8.1.6 Dithiocarbonic acid S-[1,3]dithian-2-yl ester O-ethyl ester (2.82). 

S S
S O
S
C7H12OS4
Exact Mass: 239,98
Mol. Wt.: 240,43
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2.8.2 Radical addition of Dithiocarbonic acid S-[1,3]dithian-2-yl ester O-ethyl ester (2.82). 

2.8.2.1 Dithiocarbonic acid S-(4-[1,3]dithian-2-yl-1-methyl-2,5-dioxo-pyrrolidin-3-yl) ester O-
ethyl ester (2.87). 
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C12H17NO3S4
Exact Mass: 351,01
Mol. Wt.: 351,53
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2.8.3 Synthesis of Dithiocarbonic acid O-ethyl ester S-(1-oxo-1  4-[1,3]dithian-2-yl) ester 
(2.88). 

S S
S O
S
O
C7H12O2S4
Exact Mass: 255,97
Mol. Wt.: 256,43
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2.8.4 Synthesis of N-Allyl-N-phenyl-acetamide (2.97) [88]. 

N
O
C11H13NO
Exact Mass: 175,10
Mol. Wt.: 175,23
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2.8.5 Synthesis of N-Allyl-2,2-dimethyl-N-phenyl-propionamide (2.99) [89]. 

N
O
C14H19NO
Exact Mass: 217,15
Mol. Wt.: 217,31

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2.8.6 Synthesis of 1-Allyloxy-4-chloro-benzene (2.94). 

O
Cl
C9H9ClO
Exact Mass: 168,03
Mol. Wt.: 168,62 

-
  	
 
H A+3

	3
 5 4 
7  	
 
 5@@ 4 A
7 

 5#7\  
 5#4 A
7-3 1\ 3 

H1   
3'H 

 
 

 	4\ 5<#7\   3
I
11\3.!5@r<#7-3

	3\\3\3
dI



H,!85r<#7
3
,!A'H

H3

   	4 3/75 5@ 4 =?d7 \ 
   

 
 \33 \
HH	
\3
	H
I
	

8,&5A8K42@7qcA<545c=4<8K4874<@5I45c4A8K4874<A6
5I45c468K4874?545c<4A468K4874==+?5487466+6@54
87		@,&58K42@7qc?65874<5r8746?@5874<65I74
?@A5r874@?<5874<65I7		)&5A7=c@=64@4?=4?<4=<4A?4
<?64<=4A?4A4A<4AA4A=4@=4@4=64A44644?@464
64??=4?=+5)i,8@7i,?58
_4?8?
@<!74658_4?8?
@6!7

















 =<
2.8.7 Radical addition of (2.88) - General procedure. 
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2.8.7.1 Acetic acid 2-ethoxythiocarbonylsulfanyl-3-(1-oxo-1  4-[1,3]dithian-2-yl)-propyl ester 
(2.100). 

S
S S
O
S
O O O
C12H20O4S4
Exact Mass: 356,02
Mol. Wt.: 356,55
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2.8.7.2 Dithiocarbonic acid O-ethyl ester S-[2-(1-oxo-1 4-[1,3]dithian-2-yl)-1-trimethylsilanyl-
methyl-ethyl] ester (2.101). 

S
S S
O
S
O Si
C13H26O2S4Si
Exact Mass: 370,06
Mol. Wt.: 370,69


-3 
 \  
 \3  

 
H 3/00 54 
7  3/72 5A=#4 @

7 @I
H2# 

 
 
	
;3 3

	3
  5.!+
	
34<<i43.!+.!'4=
Ai7HH
3/1215=46<d7










 =6
2.8.7.3 Dithiocarbonic acid S-[1-cyclopentyl-2-(1-oxo-1  4-[1,3]dithian-2-yl)-ethyl] ester O-ethyl 
ester (2.102). 

S
S S
O
S
O
C14H24O2S4
Exact Mass: 352,07
Mol. Wt.: 352,60


-3
\
\3


H3/005<64
73/715==4@
7
A<I
H2#



	
;33

	3
5.!+	

34<<i43.!+.!'4A
i43!8+.!'4<?<i7HH
3/123
5<4<d7


2.8.7.4 Dithiocarbonic acid O-ethyl ester S-[1-(1-oxo-1 4-[1,3]dithian-2-ylmethyl)-heptyl] ester 
(2.103). 

S
S S
O
S
O
C15H28O2S4
Exact Mass: 368,10
Mol. Wt.: 368,65

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2.8.7.5 Dithiocarbonic acid S-[2-cyano-1-(1-oxo-1  4-[1,3]dithian-2-ylmethyl)-ethyl] ester O-
ethyl ester (2.104). 

S
S S
O
S
O
N
C11H17NO2S4
Exact Mass: 323,01
Mol. Wt.: 323,52

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2.8.7.6 Dithiocarbonic acid S-[1-(4-chloro-phenoxymethyl)-2-(1-oxo-1 4-[1,3]dithian-2-yl)-
ethyl] ester O-ethyl ester (2.105). 

S
S S
O
S
O O
Cl
C16H21ClO3S4
Exact Mass: 424,01
Mol. Wt.: 425,05

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2.8.7.7 Dithiocarbonic acid O-ethyl ester S-[4-oxo-1-(1-oxo-1  4-[1,3]dithian-2-ylmethyl)-
pentyl] ester (2.106). 

S
S S
O
S
O
O
C13H22O3S4
Exact Mass: 354,05
Mol. Wt.: 354,58

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2.8.7.8 Dithiocarbonic acid O-ethyl ester S-[1-(6-methoxy-2,2-dimethyl-tetrahydro-furo[2,3-
d][1,3]dioxol-5-yl)-2-(1-oxo-1 4-[1,3]dithian-2-yl)-ethyl] ester (2.107). 

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C17H28O6S4
Exact Mass: 456,08
Mol. Wt.: 456,66

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2.8.7.9 Dithiocarbonic acid S-[1-[(acetyl-phenyl-amino)-methyl]-2-(1-oxo-1  4-[1,3]dithian-2-
yl)-ethyl] ester O-ethyl ester (2.108). 

S
S S
O
S
O NO
C18H25NO3S4
Exact Mass: 431,07
Mol. Wt.: 431,66

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2.8.7.10 Acetic acid 3,5-diacetoxy-2-acetoxymethyl-6-[2-ethoxythiocarbonylsulfanyl-3-(1-oxo-
1
 4
-[1,3]dithian-2-yl)-propyl]-tetrahydro-pyran-4-yl ester (2.109). 

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O
O
O C25H38O10S4
Exact Mass: 626,13
Mol. Wt.: 626,83

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2.8.7.11 Dithiocarbonic acid S-[1-{[(2,2-dimethyl-propionyl)-phenyl-amino]-methyl}-2-(1-oxo-
1
  4
-[1,3]dithian-2-yl)-ethyl] ester O-ethyl ester (2.110). 

S
S S
O
S
O NO
C21H31NO3S4
Exact Mass: 473,12
Mol. Wt.: 473,74

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2.8.8 Reduction of radical adducts 2.100 - 2.109 – General procedure 
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2.8.8.1 Acetic acid 3-[1,3]dithian-2-yl-2-ethoxythiocarbonylsulfanyl-propyl ester (2.111). 

S
S S
O
S
O O
C12H20O3S4
Exact Mass: 340,03
Mol. Wt.: 340,55

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2.8.8.2 Dithiocarbonic acid S-(2-[1,3]dithian-2-yl-1-trimethylsilanylmethyl-ethyl) ester O-ethyl 
ester (2.112). 

S
S S
O
S
Si
C13H26OS4Si
Exact Mass: 354,06
Mol. Wt.: 354,69

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2.8.8.3 Dithiocarbonic acid S-(1-cyclopentyl-2-[1,3]dithian-2-yl-ethyl) ester O-ethyl ester 
(2.113). 

S
S S
O
S
C14H24OS4
Exact Mass: 336,07
Mol. Wt.: 336,60

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2.8.8.4 Dithiocarbonic acid S-(1-[1,3]dithian-2-ylmethyl-heptyl) ester O-ethyl ester (2.114). 

S
S S
O
S
C15H28OS4
Exact Mass: 352,10
Mol. Wt.: 352,65

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2.8.8.5 Dithiocarbonic acid S-(2-cyano-1-[1,3]dithian-2-ylmethyl-ethyl) ester O-ethyl ester 
(2.115). 

S
S S
O
S
N
C11H17NOS4
Exact Mass: 307,02
Mol. Wt.: 307,52

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2.8.8.6 Dithiocarbonic acid S-[1-(4-chloro-phenoxymethyl)-2-[1,3]dithian-2-yl-ethyl] ester O-
ethyl ester (2.116). 

S
S S
O
S
O
Cl
C16H21ClO2S4
Exact Mass: 408,01
Mol. Wt.: 409,05


-3
\
\33/1265=4@
74-;''5#46=
74,)
546@
7;33

	3
5.!'+	
34
?=i7
HH
3/1185?<466d7

8,&5A8K42@7qcA@545c68K4@874=6+?54874+<54874
545c4?4A=8K4874AA545c<4?4A=8K4874=+=?54A874A?
545cA48K4874A=545c<4==8K4874A6545c@4?8K4874A@+AA@
54874A5I45c68K4874=545c?8K48746A545c?8K487		@,&
58K4 2@7 q c @6@ 58@74 <? 5874 ?< 5874 ?6? 5874 @<= 5874 A@?=
5874 A6 5874 ?@ 5874 66 5874 <? 5r874  5I74 ? 5r874 <=A
5I745c7		)&5A7=c?6=4?@<4?4=64<?64<=@4A?4AA4AA4@=4
64A464A=44?A4<+5)i,8@7i,A5
_+848
@<!@A74A=
5_+84 8
@6!@A74 A? 58
_4 8
@<!@A74 A 58
_4 8
@6!@A74 A 5,8A
_4
8
@<!@A74 A= 5,8A
_48
@6!@A7' 4 A?=[84 <6[ H
4 A[84
<












 ??
2.8.8.7 Dithiocarbonic acid S-(1-[1,3]dithian-2-ylmethyl-4-oxo-pentyl) ester O-ethyl ester 
(2.117). 

S
S S
O
S
O
C13H22O2S4
Exact Mass: 338,05
Mol. Wt.: 338,58

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2.8.8.8 Dithiocarbonic acid S-[2-[1,3]dithian-2-yl-1-(6-methoxy-2,2-dimethyl-tetrahydro-
furo[2,3-d][1,3]dioxol-5-yl)-ethyl] ester O-ethyl ester (2.118). 

S
S S S
O
O
O
O
O
C17H28O5S4
Exact Mass: 440,08
Mol. Wt.: 440,67

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2.8.8.9 Dithiocarbonic acid S-{1-[(acetyl-phenyl-amino)-methyl]-2-[1,3]dithian-2-yl-ethyl} ester 
O-ethyl ester (2.119). 

S
S S S
O
NO
C18H25NO2S4
Exact Mass: 415,08
Mol. Wt.: 415,66

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2.8.8.10 Acetic acid 3,5-diacetoxy-2-acetoxymethyl-6-(3-[1,3]dithian-2-yl-2-
ethoxythiocarbonyl-sulfanyl-propyl)-tetrahydro-pyran-4-yl ester (2.120). 

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O
S
O O
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O
O
O
O
O
O C24H36O10S4
Exact Mass: 612,12
Mol. Wt.: 612,80

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2.8.9 Reduction of acetic acid 3,5-diacetoxy-2-acetoxymethyl-6-(3-[1,3]dithian-2-yl-propyl)-
tetrahydro-pyran-4-yl ester (2.123). 
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C21H32O9S2
Exact Mass: 492,15
Mol. Wt.: 492,61
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2.8.10 Radical cyclisation of adducts 2.108 and 2.110 – General procedure 
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2.8.10.1 Synthesis of 1-[3-(1-oxo-1  4-[1,3]dithian-2-ylmethyl)-2,3-dihydro-indol-1-yl]-ethanone 
(2.124). 

N
S
S
O
O
C15H19NO2S2
Exact Mass: 309,09
Mol. Wt.: 309,45
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2.8.10.2 Synthesis of 2,2-Dimethyl-1-[3-(1-oxo-1 4-[1,3]dithian-2-ylmethyl)-2,3-dihydro-indol-
1-yl]-propan-1-one (2.125). 

N
S
S
O
O C18H25NO2S2Exact Mass: 351,13
Mol. Wt.: 351,53
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2.8.11 Reduction of cyclisation products 2.124 and 2.125 – General procedure 
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2.8.11.1 Synthesis of 1-(3-[1,3]Dithian-2-ylmethyl-2,3-dihydro-indol-1-yl)-ethanone (2.126). 

N
S
S
O
C15H19NOS2
Exact Mass: 293,09
Mol. Wt.: 293,45
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2.8.11.2 Synthesis of 1-(3-[1,3]Dithian-2-ylmethyl-2,3-dihydro-indol-1-yl)-2,2-dimethyl-
propan-1-one (2.127). 

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S
O
C18H25NOS2
Exact Mass: 335,14
Mol. Wt.: 335,53
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2.8.12 Synthesis of [5-Bromo-1-(2,2-dimethyl-propionyl)-2,3-dihydro-1H-indol-3-yl]-
acetaldehyde (2.129). 

N
O
Br
O
C15H18BrNO2
Exact Mass: 323,05
Mol. Wt.: 324,21
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2.8.13 Synthesis of (1-Acetyl-2,3-dihydro-1H-indol-3-yl)-acetaldehyde (2.130). 

N
O
O
C12H13NO2
Exact Mass: 203,09
Mol. Wt.: 203,24
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2.8.14 Synthesis of 1-(3-Ethyl-2,3-dihydro-indol-1-yl)-ethanone (2.131). 

N
O
C12H15NO
Exact Mass: 189,12
Mol. Wt.: 189,25


-
  	
 
H H3 		] & ,X 5A  
H  i 
 
H
3/1357 
.!85<#7\3/135 56=4<6
7-31\
H1H
A343




	H
.	


H3

	3/1415A4?<d7\3


>!!;!

8,&5A8K42@7qc??545c68K4@874<A+<54874=+?54874
A54@874@@+@@?54874@?545c4A8K4874A545c8K48746A545
c68K487466+6@54874=545c=8K487		@,&58K42@7qc
658@74A58@74=5874A@=5874<A58746?5874@AA5874@6
5874665874@A=A5I74A5I74=<<5c!7		 )&5A7=c?@4?@4=64
64<??4A=4A4A4@<@4@@4=46A46@4@4?4@+5)i,8@7
i,?58_7465,8A
_7'46[846??[H
46[84=?

















2.8.15 Synthesis of Dithiocarbonic acid O-ethyl ester S-(2-methyl-1-oxo-1  4-[1,3]dithian-2-yl) 
ester (2.133). 

S S
S
S
O
O C8H14O2S4Exact Mass: 269,99
Mol. Wt.: 270,46


'


HH3
	
	5#4<
7-8;56#7\



+6=


	34H

	\

H<


H/#31
56@#4
7-
3



3
\


H3/005<4

7-8;5<#7'H@
H+6=
3
5<#4A
7
\3
\

3
\
\
\


	'H?

H
  

 	4 +
\ 5#7\ 3I

11\385@r<#7-3

\\3\35r
A#7
3
,!A-3
\3
	
3 	H H3 3

	3
  5.!+.!'4Ai7 
 HH
3/144
5@<4<d7I<15,&7
H	


#%$!#!@!A

8,&5A8K42@7qcA=545c68K4@874654@874?+A654@874@A+@<
54874@@545c@4@8K4874A+A6A5487		@,&58K42@7qc
@< 58@74<A58@746@ 5874?AA 5874A=@ 58746 58746@= 5I74=
5c7		)&5A7=c?=@4?@4A@4AA4A4@<4?4<=4A4@466464
@@+5)i,8@7i,658
_7

!#%$!#!@>!A

8,&5A8K42@7qcA6545c68K4@8746+6=54874@54@874@=+A<
54874A6+<<54874?6+@54874@=545c4A4A8K4874@@A545
c=4@4A=8K4874A<?+A65487		@,&58K42@7qcA@5874
@58@74A658@74<=5874A<=5874?@5I74665874=A5c7		)&
5A7 = c ?=A4 ?=4 ?=4 AA4 AA4 AA4 @A4 ?4 A4 @4 =4 @A 
+ 
5)i,8@7i,658
_7


 @
2.8.16 Synthesis of Benzoic acid cyanomethyl ester (2.141) [62]. 

O
O N
C9H7NO2
Exact Mass: 161,05
Mol. Wt.: 161,16
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2.8.17 Synthesis of Benzoic acid cyano-ethoxythiocarbonylsulfanyl-methyl ester (2.143). 
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C12H11NO3S2
Exact Mass: 281,02
Mol. Wt.: 281,35
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2.8.18 Radical addition of 2.143 - General procedure 
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2.8.18.1 Synthesis of Benzoic acid 1-cyano-3-ethoxythiocarbonylsulfanyl-nonyl ester (2.154). 
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C20H27NO3S2
Exact Mass: 393,14
Mol. Wt.: 393,57
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2.8.18.2 Synthesis of Benzoic acid 4-(4-chloro-phenoxy)-1-cyano-3-ethoxythiocarbonyl-
sulfanyl-butyl ester (2.157). 
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C21H20ClNO4S2
Exact Mass: 449,05
Mol. Wt.: 449,97


-3
\
\3


H3/15454A
73/755A4=A
7
<I
H2# 

 

	
;3 3

	3
  5.!'+	

34 6?@ 
 ? i7 HH
 3/169 5 4 =Ad7    1 
H 
 5,&
7

8,&5A8K42@7qc@=545c68K4@874A@545c68K4@874<@545cA4
?4A=8K4874@545c64<8K48746+?54874A+A654874A@A545
c@4?8K4874AA+AA=54874A5I45cA468K4874A65I45c468K4874
<6<545cA48K4874<=@545c=468K4874=+=<54874=6+?54
8746+6A548746A+6=548746A+6<54A8746+6548746??+=@54A87
		@,&58K42@7qc@?58@74@6<58@74@A=5874@A5874A<A
5r874 <? 5874 <??< 5874 ?@ 5874 ?<< 5874 6= 5874 6?< 5874 <=A
5r8746 5r874 @6 5,74 < 5,74< 5I74 << 5I74 6= 5I74 6?
5I74=5Ar874?AA5r874?<5r874@5Ar874@AA5r874<A5I74
<< 5I74 A<? 5c!74 A? 5c!74  5c74 6 5c7 		 &H c  5.!'+
	
34 <?< i7 )& 5A7= c @<4 ?=<4 ?@=4 =?4 @@64 6A4 4 <=A4 A?4
A<4A<4@=4@A4@A4@64<?4@=46=464A?44?464<464
= +  5)i,8@7 i, A< 58
_4 8
@<,!A74 A< 58
_4 8
@6,!A74 A6
5,8A
_48
@<,!A74A?5,8A
_48
@6,!A7








=
2.8.18.3 Synthesis of Benzoic acid 1-cyano-3-ethoxythiocarbonylsulfanyl-4-[methanesulfonyl-
(4-methoxy-phenyl)-amino]-butyl ester (2.161). 
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C23H26N2O6S3
Exact Mass: 522,10
Mol. Wt.: 522,66
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2.8.19 Synthesis of Benzoic acid 4-(4-chloro-phenoxy)-1-cyano-butyl ester (2.168). 
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O
Cl
N
O
C18H16ClNO3
Exact Mass: 329,08
Mol. Wt.: 329,78
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HO
O
Cl
N
C11H12ClNO2
Exact Mass: 225,06
Mol. Wt.: 225,67
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O
N
O C12H11NO2
Exact Mass: 201,08
Mol. Wt.: 201,22
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2.8.20 Synthesis of 4-(4-Chloro-phenoxy)-butyraldehyde (2.171). 

O
O
Cl
C10H11ClO2
Exact Mass: 198,04
Mol. Wt.: 198,65
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2.8.21 Synthesis of Benzoic acid 1-cyano-octyl ester (2.172). 

O
O
N
C16H21NO2
Exact Mass: 259,16
Mol. Wt.: 259,34
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2.8.22 Synthesis of Benzoic acid 1-cyano-2-(1-methanesulfonyl-5-methoxy-2,3-dihydro-1H-
indol-3-yl)-ethyl ester (2.173). 
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N
O
O
N
SO
O
O C20H20N2O5SExact Mass: 400,11
Mol. Wt.: 400,45
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2.8.23 (1-Methanesulfonyl-5-methoxy-2,3-dihydro-1H-indol-3-yl)-acetaldehyde (2.174). 

N
O
SO
O
O C12H15NO4S
Exact Mass: 269,07
Mol. Wt.: 269,32
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2.8.24 Synthesis of Benzoic acid 5-(4-chloro-phenoxymethyl)-2-oxo-tetrahydro-thiophen-3-yl 
ester (2.178). 
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C18H15ClO4S
Exact Mass: 362,04
Mol. Wt.: 362,83
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2.8.25 Benzoic acid 3-bromo-1-cyano-nonyl ester (2.179). 
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O
O
N
Br
C17H22BrNO2
Exact Mass: 351,08
Mol. Wt.: 352,27
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2.8.26 Benzoic acid 1-cyano-2-hexyl-cyclopropyl ester (2.180). 

O N
O
C17H21NO2
Exact Mass: 271,16
Mol. Wt.: 271,35
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Chapitre 3 

3.1 Les spirocétals, une brève revue de leurs caractéristiques et de leur synthèse 
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(Andrena haemorrhoa)
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Et2O, 0°C
3.11
3.12
 Me3SiH,
Pentane, Et2O, 0°C LiAlH4, Et2O, 0°C
1) Cl2CHOMe, Et3COLi,
THF, -10°C
2) NaOAc, 30% H2O2,
EtOH, 70°C
75%
(sur 5 étapes)
HF (aq), MeCN, t.a.
87%
(±)-IpcBCl2
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O
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O Si
O
OTPS
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OTPS
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3.16
3.17
Catalyseur de Grubbs,
PhH, reflux
TFA, THF,
MeOH, t.a.
65%
(sur 2 étapes)
1) MnO2, CH2Cl2,
EtOAc, t.a.
2) H2, 10% Pd-C,THF,
MeOH, t.a.
1) TBAF, THF, t.a.
2) TFA, PhH, t.a.
60%
(sur 4 étapes)
OHO
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du cycle A
inversion
du cycle B
inversion
du cycle A
inversion
du cycle B


+4/946+2
1	
D<<E

H

3	


  
3
  
			
  3L 	
4  I
O		
H	3LDA+=E4


+ 3D?E4
2+'D@+@<E


3D@+@=E
1	4 	 3L  

+ 3

	
 
3L  	 	  	
 3 H

   
  
	$/


 D?E'	B4/32
4	
4/314/33


	3L

+ 3	53@=7

O
O
OBn
BnO
BnO
BnO
3.20 O
OBn
BnO
BnO
BnO
O
O
O
OBn
BnO
BnO
BnO
O
3.21
3.22
Catalyseur de Grubbs
PhMe, 60°C
67%
Co2(CO)8, CH2Cl2,
puis NMO, t.a.
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Catalyseur,
THF, -78°C
+
83%
(endo : exo = 3:1)
endo-3.25
(e.e. = 74%)
exo-3.25
(e.e. = 84%)
Catalyseur =
3.24
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F
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E
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Spongistatine 1 
(Spongia sp.) 
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Cr(CO)5.THF,
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O
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O
CO2Et
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3.33
6-exo-dig
Bu3SnCl, AIBN,
NaCNBH3, tert-BuOH, reflux
78%
Papulachandrin A
3.35
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3.2 Le xanthate dérivé de la 1,3-dichloro acétone, un synthon utile 
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3.3 Synthèse du xanthate dérivé de la 1,3-dichloroacétone [51,52] 
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3.4 Synthèse de spirocétals [5.5] 

3.4.1 A partir de dihydroxy cétones protégées sous forme d’acétates, une étude préliminaire 
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3.4.2 A partir de dihydroxy cétones protégées sous forme d’acétates, d’autres exemples 
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3.5 Synthèse de spirocétals [5.6] et [4.5] à partir de dihydroxy cétones protégées 
sous forme d’acétates 
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Cl OAc
SEtO
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            DLP,
ClCH2CH2Cl, reflux
EtOC(S)SK,
Acétone, 0°C
80%
(sur 2 étapes,
d.r. = 1:1) 
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EtOC(S)SK,
Acétone, 0°C
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DLP, ClCH2CH2Cl,
reflux
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reflux
KOH, MeOH, t.a.,
puis H2SO4
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(mélange de diastéréo-
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58% 92%
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3.6 Synthèse de spirocétals [5.5] à partir de dihydroxy cétones protégées sous forme 
d’éthers d’énol silylés 
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ClCH2CH2Cl, reflux
EtOC(S)SK,
Acétone, 0°C
n-Bu3SnH, AIBN,
heptane, reflux
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69% 89%
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HO TBSO 3.125
97%
TBSCl, Imidazole,
DMF, t.a.
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3.125
3.127
O
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S OEt
S
OTBS
O
O OTBS
OTBS
3.126
3.128
DLP, ClCH2CH2Cl,
reflux
68%
(d.r. = 1:1.1)
90%
(d.r. = 1:1)
HF, H2O,
MeCN, t.a.
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NO2
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OEt
3.127
3.132
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S
NO2
O
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SH
3.129
F NO2
O O
3.130
3.133
H2NCH2CH2NH2,
EtOH, Et2O, t.a.
DBU, THF,
reflux
80%
(sur 2 étapes)
mCPBA,
CH2Cl2, 0°C
PPh3, PhMe,
reflux
81%
(sur 2 étapes)
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3.127
Br
O
OEt
S
O O Cl
Cl 3.135
O O
Br
O O
Cl
Cl
3.134
3.136
(PhCMe2O)2,
PhCl, reflux
72%
(d.r. = 1:1.2)
51%
(d.r. = 1:4)
DLP,
heptane, PhCl, reflux
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Cl
Cl Cl
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3.137 3.138
Cl S
Cl
3.139
Cl S
Cl O O
3.135
1) EtSH, CHCl3, t.a.
2) ClCO2Me, Pyridine,
CHCl3, reflux
Zn, AcOH,
0        100°C
59%
(sur 2 étapes)
mCPBA, CH2Cl2,
0        t.a.
63%
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Cl S
S
OEt
3.47
OTBS
EtO
S
EtO
S
O
S
S
OTBS
3.140
3.142
O
Cl
SEtO
S
OTBS
3.141
            DLP,
ClCH2CH2Cl, reflux
EtOC(S)SK,
Acétone, 0°C
95%
(d.r. = 1:3)
57%
(d.r. = 1:3)
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BrMg
HO
3.1433.65
TBSO
3.140
THF,
0        t.a.
TBSCl, Imidazole,
DMF, t.a.
61%
(sur 2 étapes) 
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OEt
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OEt
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EtO
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OEt
EtO
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3.145
            DLP,
ClCH2CH2Cl, reflux
56%
(mélange complexe
de diastéréoisomères)
n-Bu3SnH, AIBN,
heptane, reflux
85% 
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O
OEt
EtO
OTBS
3.146
O O
EtO
3.147
HF, H2O, MeCN, t.a.
ou
APTS, CH2Cl2, t.a.
ou
APTS, CH2Cl2, EtOH, t.a.
ou
APTS, CH2Cl2, EtOH, reflux


+4/47-3LB	
	

1	




4	

	B3	B
-/';4	

B

 4/150  
4  
   53 @A7 2   B
	
B	
4	
	14B'+<B
	
A
	
	N

'4
BIh
+	
h4	
4/159

  L 
  
  
 H
 B  

L 
  		
1	
 	 53 @674  
H
   + 
	
  
 N
 	
	
   3 @A # 3L  	
 	
   
1 
	

      	 / 
   D=E 1+ 
     
3L

H	BO
B

O
OEt
EtO
OTBS
O
OEt
EtO
OH
3.146 3.148
O O
EtO
3.147
TBAF, THF,
reflux
Amberlyst-15,
CH2Cl2, t.a.
57%
(sur 2 étapes)


+4/523LB	
	

1	



. 3  HR
 		
	    
H    	  H 
134
3


	ON3L	
I	+
1
'4	B

		B
LN
	
K
2H3	
3L4134/153
 
   2+ 4/157 53 @A7 # 
  B 4/162

	
	B1L+/@8H
	
4/161L

 4  I 
  	  	
 N    	
  

  
	



EtO
S
EtO
S
O
S
S
OTBS
3.142
O
OTBSAcHN
AcHN 3.149
3.149
EtO
S
O
S
OTBSAcHN
SEtO
S
3.150
            DLP,
ClCH2CH2Cl, reflux
75%
(mélange complexe
de diastéréoisomères)
n-Bu3SnH, AIBN,
heptane, reflux
92% 

+4/51$3L	
K



 <

	4	
HHB		


HR

4 B
 	   L  
4 
 N  I     	
 


	
4/1584		
31	B	
		
HO
	

B34/161B		
	
L	4
B


4/163
	
B
	HHNHH53@A7

O
NHAc
OTBS
O
NHAc
OH
3.151 3.152
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ou
HCO2H, THF, t.a.
ou
H2SO4, THF, t.a.
ou
Amberlyst-15, CH2Cl2, t.a.
ou
Amberlyst-15, THF, reflux
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3.8 Partie expérimentale 
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3.8.1 Synthesis of Dithiocarbonic acid (3-chloro-2-oxo-propyl) ester ethyl ester (3.47). 

O
S ClO
S
C6H9ClO2S2
Exact Mass: 211,97
Mol. Wt.: 212,72
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3.8.2 Synthesis of Acetic acid 2,6-bis-ethoxythiocarbonylsulfanyl-5-oxo-hexyl ester (3.56). 
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C14H22O5S4
Exact Mass: 398,04
Mol. Wt.: 398,59
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3.8.3 Preparation of allylic acetates 3.57 and 3.68 - 3.73. 
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3.8.3.1 Synthesis of Acetic acid 1-vinyl-hexyl ester (3.57). 

O O
C10H18O2
Exact Mass: 170,13
Mol. Wt.: 170,25
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3.8.3.2.1 Synthesis of 1-(4-Methoxy-phenyl)-prop-2-en-1-ol [87]. 

OH
O
C10H12O2
Exact Mass: 164,08
Mol. Wt.: 164,20
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3.8.3.2.2 Synthesis of Acetic acid 1-(4-methoxy-phenyl)-allyl ester (3.68). 

O O
O
C12H14O3
Exact Mass: 206,09
Mol. Wt.: 206,24
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3.8.3.3.1 Synthesis of 5-Phenyl-pent-1-en-3-ol [88]. 

OH
C11H14O
Exact Mass: 162,10
Mol. Wt.: 162,23
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3.8.3.3.2 Synthesis of Acetic acid 1-phenethyl-allyl ester (3.69). 

O O
C13H16O2
Exact Mass: 204,12
Mol. Wt.: 204,26

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3.8.3.4.1 Synthesis of 6-Phenyl-hex-1-en-3-ol. 

OH
C12H16O
Exact Mass: 176,12
Mol. Wt.: 176,25


3
'+-3
\
\3A+	3+34/855A4?A
7




H
-8;5@#7
	
5A
4=<d7\
	
\
331
	

8,&5A8K42@7qcA54874<A+6?54A874545c68K4874A?+
A=54874<545c4A8K4874<@545c468K4874<=6545cA4A4
68K48746A+6@54<87		

3.8.3.4.2 Synthesis of Acetic acid 4-phenyl-1-vinyl-butyl ester (3.70). 

O O
C14H18O2
Exact Mass: 218,13
Mol. Wt.: 218,29

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3.8.3.5.1 Synthesis of 4,4-Dimethyl-pent-1-en-3-ol [89]. 

OH
C7H14O
Exact Mass: 114,10
Mol. Wt.: 114,19

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3.8.3.5.2 Synthesis of Acetic acid 1-tert-butyl-allyl ester (3.71). 

O O
C9H16O2
Exact Mass: 156,12
Mol. Wt.: 156,22

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3.8.3.6.1 Synthesis of Hept-6-ene-1,5-diol [90]. 

OH
C7H14O2
Exact Mass: 130,10
Mol. Wt.: 130,18
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3.8.3.6.2 Synthesis of Acetic acid 5-acetoxy-1-vinyl-pentyl ester (3.72). 

O O
O
C11H18O4
Exact Mass: 214,12
Mol. Wt.: 214,26
O
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3.8.3.7.1 Synthesis of (3S,8S,9S,10R,13S,14S)-17-(1-Hydroxy-allyl)-10,13-dimethyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
3-ol. 

H
HO
H H
HO
C22H34O2
Exact Mass: 330,26
Mol. Wt.: 330,50

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3.8.3.7.2 Synthesis of Acetic acid 1-((3S,8S,9S,10R,13S,14S)-3-acetoxy-10,13-dimethyl-
2,3,4,7,8,9,10,11,12,13,14,15,16, 17-tetradecahydro-1H-cyclopenta[a]phenanthren-
17-yl)-allyl ester (3.73). 

H
O
H H
O
O
O
C26H38O4
Exact Mass: 414,28
Mol. Wt.: 414,58

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3.8.3.8.1 Synthesis of 1-((3S,8S,9S,10R,13S,14S,17S)-3-Methoxy-10,13-dimethyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
17-yl)-ethanone (3.75). 
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H
O
H H
O
C22H34O2
Exact Mass: 330,26
Mol. Wt.: 330,50
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3.8.3.8.2 Synthesis of 2-((3S,8S,9S,10R,13S,14S,17S)-3-Methoxy-10,13-dimethyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
17-yl)-but-3-en-2-ol (3.76). 
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C24H38O2
Exact Mass: 358,29
Mol. Wt.: 358,56
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3.8.4 Radical addition of 3.56 to olefins 3.57, 3.68 - 3.73, and 3.76 - General procedure. 
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3.8.4.1 Synthesis of Acetic acid 9-acetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-5-oxo-
tetradecyl ester (3.58). 
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C24H40O7S4
Exact Mass: 568,17
Mol. Wt.: 568,83
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3.8.4.2 Synthesis of Acetic acid 9-acetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-5-oxo-11-
phenyl-undecyl ester (3.78). 
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C27H38O7S4
Exact Mass: 602,15
Mol. Wt.: 602,85
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3.8.4.3 Synthesis of Acetic acid 9-acetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-5-oxo-12-
phenyl-dodecyl ester (3.79). 
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C28H40O7S4
Exact Mass: 616,17
Mol. Wt.: 616,88
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3.8.4.4 Synthesis of Acetic acid 9-acetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-10,10-dimethyl-
5-oxo-undecyl ester (3.80). 
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C23H38O7S4
Exact Mass: 554,15
Mol. Wt.: 554,81
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3.8.4.5 Synthesis of Acetic acid 9,13-diacetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-5-oxo-
tridecyl ester (3.81). 
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C25H40O9S4
Exact Mass: 612,16
Mol. Wt.: 612,84
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3.8.4.6 Synthesis of Acetic acid 9-acetoxy-9-((3S,8S,9S,10R,13S,14S)-3-acetoxy-10,13-
dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]-
phenanthren-17-yl)-2,8-bis-ethoxythiocarbonyl sulfanyl-5-oxo-nonyl ester (3.82). 
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Exact Mass: 812,31
Mol. Wt.: 813,16
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3.8.4.7 Synthesis of Acetic acid 2,8-bis-ethoxythiocarbonylsulfanyl-9-hydroxy-9-
((3S,8S,9S,10R,13S,14S)-3-methoxy-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14, 
15,16,17-tetradeca-hydro-1H-cyclopenta[a]phenanthren -17-yl)-5-oxo-decyl ester 
(3.95). 
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C38H60O7S4
Exact Mass: 756,32
Mol. Wt.: 757,14
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3.8.5 Reduction of bisxanthates 3.58, 3.78 - 3.82, and 3.95 – General procedures. 
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3.8.5.1 Synthesis of Acetic acid 9-acetoxy-5-oxo-tetradecyl ester (3.59). 
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C18H32O5
Exact Mass: 328,22
Mol. Wt.: 328,44
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C16H30O4
Exact Mass: 286,21
Mol. Wt.: 286,41
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3.8.5.2 Synthesis of Acetic acid 9-acetoxy-5-oxo-1-phenethyl-nonyl ester (3.83a). 

O
O
O
O
O
C21H30O5
Exact Mass: 362,21
Mol. Wt.: 362,46
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Exact Mass: 320,20
Mol. Wt.: 320,42
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3.8.5.3 Synthesis of Acetic acid 9-acetoxy-5-oxo-1-(3-phenyl-propyl)-nonyl ester (3.84a). 
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C22H32O5
Exact Mass: 376,22
Mol. Wt.: 376,49
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Exact Mass: 334,21
Mol. Wt.: 334,45
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3.8.5.4 Synthesis of Acetic acid 9-acetoxy-1-tert-butyl-5-oxo-nonyl ester (3.85). 
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O O C17H30O5Exact Mass: 314,21
Mol. Wt.: 314,42
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3.8.5.5 Synthesis of Acetic acid 9,13-diacetoxy-5-oxo-tridecyl ester (3.86). 
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C19H32O7
Exact Mass: 372,21
Mol. Wt.: 372,45
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3.8.5.6 Synthesis of Acetic acid 9-acetoxy-9-((3S,8S,9S,10R,13S,14S)-3-acetoxy-10,13-
dimethyl-2,3,4,7,8,9,10,11,12, 13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]-
phenanthren-17-yl)-5-oxo-nonyl ester (3.87). 
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Exact Mass: 572,37
Mol. Wt.: 572,77
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3.8.5.7 Synthesis of Acetic acid 9-hydroxy-9-((3S,8S,9S,10R,13S,14S)-3-methoxy-10,13-
dimethyl-2,3,4,7,8,9,10,11,12, 13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]-
phenanthren-17-yl)-5-oxo-decyl ester (3.96). 
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Exact Mass: 516,38
Mol. Wt.: 516,75
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3.8.6 Cyclisation of compounds 3.59, 3.83 - 3.86, and 3.96 - General procedure. 
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3.8.6.1 Synthesis of 2-Pentyl-1,7-dioxa-spiro[5.5]undecane (3.61). 

O O C14H26O2Exact Mass: 226,19
Mol. Wt.: 226,36
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3.8.6.2 Synthesis of 2-Phenethyl-1,7-dioxa-spiro[5.5]undecane (3.91). 

O O
C17H24O2
Exact Mass: 260,18
Mol. Wt.: 260,37
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3.8.6.3 Synthesis of 2-(3-Phenyl-propyl)-1,7-dioxa-spiro[5.5]undecane (3.92). 

O O
C18H26O2
Exact Mass: 274,19
Mol. Wt.: 274,40
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3.8.6.4 Synthesis of 2-tert-Butyl-1,7-dioxa-spiro[5.5]undecane (3.93). 

O O
C13H24O2
Exact Mass: 212,18
Mol. Wt.: 212,33

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3.8.6.5 Synthesis of 4-(1,7-Dioxa-spiro[5.5]undec-2-yl)-butan-1-ol (3.94) [92]. 

O O
OH
C13H24O3
Exact Mass: 228,17
Mol. Wt.: 228,33
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3.8.6.6 Synthesis of 2-((3S,8S,9S,10R,13S,14S)-3-Methoxy-10,13-dimethyl-2,3,4,7,8,9, 
10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-yl)-2-
methyl-1,7-dioxa-spiro-[5.5]undecane (3.97). 

OO
O
H
H
H C30H48O3
Exact Mass: 456,36
Mol. Wt.: 456,70
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3.8.7 Synthesis of Acetic acid 6-chloro-2-ethoxythiocarbonylsulfanyl-5-oxo-1-pentyl-hexyl 
ester (3.98). 

O
O
O
S S
O
Cl
C16H27ClO4S2
Exact Mass: 382,10
Mol. Wt.: 382,97
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3.8.8 Synthesis of Acetic acid 2,6-bis-ethoxythiocarbonylsulfanyl-5-oxo-1-pentyl-hexyl ester 
(3.99). 

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O
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S S
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C19H32O5S4
Exact Mass: 468,11
Mol. Wt.: 468,72
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3.8.9 Radical addition of 3.99 to olefins 3.100 and 3.104 - General procedure. 

'


H4/775I7
H5+@I74+3

+35#i

H4/777\
H1H
<2#5<I7\3
2#5<I7\
?
	
	

H4/77-31\3




	
3
	
	
	
\

	
1
H	
3\331
	






























3.8.9.1 Synthesis of Acetic acid 10-acetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-5-oxo-1-
pentyl-decyl ester (3.101). 

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C25H42O7S4
Exact Mass: 582,18
Mol. Wt.: 582,86
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3.8.9.2 Synthesis of Acetic acid 8-acetoxy-2,8-bis-ethoxythiocarbonylsulfanyl-5-oxo-1-pentyl-
octyl ester (3.105). 

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C23H38O7S4
Exact Mass: 554,15
Mol. Wt.: 554,81
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3.8.10 Reduction of bisxanthates 3.101 and 3.105 – General procedure. 
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3.8.10.1 Synthesis of Acetic acid 10-acetoxy-5-oxo-1-pentyl-decyl ester (3.102). 

O
O
O
O
O
C19H34O5
Exact Mass: 342,24
Mol. Wt.: 342,47
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3.8.10.2 Synthesis of Acetic acid 8-acetoxy-4-oxo-tridecyl ester (3.106). 

O
OO
O
O
C17H30O5
Exact Mass: 314,21
Mol. Wt.: 314,42
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3.8.11 Cyclisation of compounds 3.102 and 3.106 - General procedure. 
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3.8.11.1 Synthesis of 2-Pentyl-1,7-dioxa-spiro[5.6]dodecane (3.103). 

OO
C15H28O2
Exact Mass: 240,21
Mol. Wt.: 240,38
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3.8.11.2 Synthesis of 7-Pentyl-1,6-dioxa-spiro[4.5]decane (3.107). 

O O
C13H24O2
Exact Mass: 212,18
Mol. Wt.: 212,33
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3.8.12 Synthesis of 4-(1,6-Dioxa-spiro[4.5]dec-7-yl)-butan-1-ol (3.110). 


3.8.12.1 Synthesis of Acetic acid 1,5-bis-ethoxythiocarbonylsulfanyl-4-oxo-pentyl ester 
(3.116). 

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O
S S
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S
O
C13H20O5S4
Exact Mass: 384,02
Mol. Wt.: 384,56
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3.8.12.2 Synthesis of Acetic acid 8-acetoxy-1-(4-acetoxy-butyl)-2,8-bis-ethoxythiocarbonyl 
sulfanyl-5-oxo-octyl ester (3.117). 

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C24H38O9S4
Exact Mass: 598,14
Mol. Wt.: 598,82


'


H4/1185@?4
74/935A4
74+3

+35#7
\H1H
<2#5<I7\3'
2#5<+<I7\
?
	
	

H4/118'H

H<I
H2#431
\

 
 

 	 3
	
 	

	
5?@=7\

\
4\33\	HH33

	3

5.!'+	
346=
@6i7
HH
4/1195@AA4<6d7	
\
4


H
	1
H
3\331
	



















3.8.12.3 Synthesis of Acetic acid 8-acetoxy-1-(4-acetoxy-butyl)-5-oxo-octyl ester (3.118). 

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C18H30O7
Exact Mass: 358,20
Mol. Wt.: 358,43
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3.8.12.4 Synthesis of 4-(1,6-Dioxa-spiro[4.5]dec-7-yl)-butan-1-ol (3.110) [71]. 

O O
OH
C12H22O3
Exact Mass: 214,16
Mol. Wt.: 214,30
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3.8.13 Synthesis of Dithiocarbonic acid ethyl ester (2-pentyl-1,7-dioxa-spiro[5.5]undec-3-yl) 
ester (3.127). 


3.8.13.1 Synthesis of Dithiocarbonic acid [1-(tert-butyl-dimethyl-silanyloxymethyl)-5-chloro-4-
oxo-pentyl] ester ethyl ester (3.122). 

O
O
S S
O
Cl Si
C15H29ClO3S2Si
Exact Mass: 384,10
Mol. Wt.: 385,06
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3.8.13.2 Synthesis of 6-(tert-Butyl-dimethyl-silanyloxy)-1-chloro-hexan-2-one (3.123). 

O
OCl Si
C12H25ClO2Si
Exact Mass: 264,13
Mol. Wt.: 264,86
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3.8.13.3 Synthesis of Dithiocarbonic acid [6-(tert-butyl-dimethyl-silanyloxy)-2-oxo-hexyl] ester 
ethyl ester (3.124). 

O
OS SiO
S
C15H30O3S2Si
Exact Mass: 350,14
Mol. Wt.: 350,61
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3.8.13.4 Synthesis of tert-Butyl-dimethyl-(1-vinyl-hexyloxy)-silane (3.125). 

O
Si
C14H30OSi
Exact Mass: 242,21
Mol. Wt.: 242,47
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3.8.13.5 Synthesis of Dithiocarbonic acid {8-(tert-butyl-dimethyl-silanyloxy)-1-[1-(tert-butyl-
dimethyl-silanyloxy)-hexyl]-4-oxo-octyl} ester ethyl ester (3.126). 

O
O SiOSi
SS
O
C29H60O4S2Si2
Exact Mass: 592,35
Mol. Wt.: 593,09
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OSi
O Si
C24H50O4Si2
Exact Mass: 458,32
Mol. Wt.: 458,82
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3.8.13.6 Synthesis of Dithiocarbonic acid ethyl ester (2-pentyl-1,7-dioxa-spiro[5.5]undec-3-yl) 
ester (3.127). 

O O
S
S
O
C17H30O3S2
Exact Mass: 346,16
Mol. Wt.: 346,55
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3.8.14 Synthesis of 2-Pentyl-1,7-dioxa-spiro[5.5]undec-3-ene (3.133). 

3.8.14.1 Synthesis of 3-(4-Nitro-phenylsulfanyl)-2-pentyl-1,7-dioxa-spiro[5.5]undecane 
(3.131). 

O O
S
NO2
C20H29NO4S
Exact Mass: 379,18
Mol. Wt.: 379,51
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3.8.14.2 Synthesis of 2-Pentyl-1,7-dioxa-spiro[5.5]undec-3-ene (3.133). 

O O C14H24O2Exact Mass: 224,18
Mol. Wt.: 224,34

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3.8.15 Synthesis of 3-Bromo-2-pentyl-1,7-dioxa-spiro[5.5]undecane (3.134). 

O O
Br
C14H25BrO2
Exact Mass: 304,10
Mol. Wt.: 305,25

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3.8.16 Synthesis of 3-(2,2-Dichloro-vinyl)-2-pentyl-1,7-dioxa-spiro[5.5]undecane (3.136). 

3.8.16.1 Synthesis of 1,1-Dichloro-2-ethylsulfanyl-ethene (3.139) [80]. 

SCl
Cl
C4H6Cl2S
Exact Mass: 155,96
Mol. Wt.: 157,06 
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3.8.16.2 Synthesis of 1,1-Dichloro-2-ethanesulfonyl-ethene (3.135) [80]. 

S
Cl
Cl
O O C4H6Cl2O2S
Exact Mass: 187,95
Mol. Wt.: 189,06 
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3.8.16.3 Synthesis of 3-(2,2-Dichloro-vinyl)-2-pentyl-1,7-dioxa-spiro[5.5]undecane (3.136). 

O O
Cl
Cl
C16H26Cl2O2
Exact Mass: 320,13
Mol. Wt.: 321,28
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3.8.17 Synthesis of Dithiocarbonic acid [6-(tert-butyl-dimethyl-silanyloxy)-5-ethoxythio-
carbonyl-sulfanyl-7,7-dimethyl-2-oxo-octyl] ester ethyl ester (3.142). 

3.8.17.1 Synthesis of tert-Butyl-(1-tert-butyl-allyloxy)-dimethyl-silane (3.140) [93]. 

O
Si
C13H28OSi
Exact Mass: 228,19
Mol. Wt.: 228,45
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3.8.17.2 Synthesis of Dithiocarbonic acid {1-[1-(tert-butyl-dimethyl-silanyloxy)-2,2-dimethyl-
propyl]-5-chloro-4-oxo-pentyl} ester ethyl ester (3.141). 

O
O
S S
O
Cl Si C19H37ClO3S2Si
Exact Mass: 440,16
Mol. Wt.: 441,17
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3.8.17.3 Synthesis of Dithiocarbonic acid [6-(tert-butyl-dimethyl-silanyloxy)-5-ethoxythio-
carbonyl-sulfanyl-7,7-dimethyl-2-oxo-octyl] ester ethyl ester (3.142). 

O
O
S S
O
S SiO
S
C22H42O4S4Si
Exact Mass: 526,17
Mol. Wt.: 526,92
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3.8.18 Radical addition of 3.142 to olefins 3.144 and 3.149 - General procedure. 
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3.8.18.1 Synthesis of Dithiocarbonic acid {1-[1-(tert-butyl-dimethyl-silanyloxy)-2,2-dimethyl-
propyl]-8,8-diethoxy-7-ethoxythiocarbonylsulfanyl-4-oxo-octyl} ester ethyl ester 
(3.145). 

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O
C29H56O6S4Si
Exact Mass: 656,27
Mol. Wt.: 657,10
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3.8.18.2 Synthesis of Dithiocarbonic acid {8-acetylamino-1-[1-(tert-butyl-dimethyl-silanyloxy)-
2,2-dimethyl-propyl]-7-ethoxythiocarbonylsulfanyl-4-oxo-octyl} ester ethyl ester 
(3.150). 

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O
C27H51NO5S4Si
Exact Mass: 625,24
Mol. Wt.: 626,05
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3.8.19 Reduction of bisxanthates 3.145 and 3.150 – General procedure. 
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3.8.19.1 9-(tert-Butyl-dimethyl-silanyloxy)-1,1-diethoxy-10,10-dimethyl-undecan-5-one 
(3.146). 


O
O SiO
O C23H48O4Si
Exact Mass: 416,33
Mol. Wt.: 416,71
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3.8.19.2 N-[9-(tert-Butyl-dimethyl-silanyloxy)-10,10-dimethyl-5-oxo-undecyl]-acetamide 
(3.151). 


O
O SiN
H
O C21H43NO3Si
Exact Mass: 385,30
Mol. Wt.: 385,66
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3.8.20 Synthesis of 2-tert-Butyl-8-ethoxy-1,7-dioxa-spiro[5.5]undecane (3.147). 

O O
O C15H28O3
Exact Mass: 256,20
Mol. Wt.: 256,38

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Chapitre 4 

4.1 Les   -céto phosphonates, synthèse et applications 

#	3
	3

Q	
3		

1





I1			4


I4  	3
	3
	4  	
3   	
 2  		  

	
4	3
	3


B
1
		
H

	3
	3 5I, 3 A7 # 
 B 
 B
1L 	  
	 3L
H
	3
	3

	
5II, 3A7

'	
H	3

I	L4	3
	3

BO

HI
B
3L


I

0D4E#
B
	
		 HH
   
	 	3
	3  	3
	3
 . HH4  H  I 
	3
	3	O3
4
	
L	

	
B


 

I  # H  
I   H

 
H

	

	
4	
I4HH#

B
B
1L	

	BN
	

H4			
	3#
	

		3
	3


3	B

IL
11	4



	
	

I
4I
	
I


HH

3D@E

P
O
RO
RO O
R'
P
O
RO
RO C
R'
H H
P
O
RO
RO C
C
H H
O
R'
I Phosphate II Phosphonate III ß-céto phosphonate 

+5/1"	3
	3	3
	3

	


# 	3
	3
 	
 
	 
  	

 Z 
 	L 
5III,3A7.3
O	3

I41+

3L
I#

	
	
8
+]\
3+
.

LN

J4Z+
B		

	
DAE
	O
HR
+
B



3L
D<E1	4
		
 @6
3L
#X5/44
 

I
8
+]\
3+
.
	H

N630
53A7D<E'4Z+

	3
	3
 5/1   1L     

  3 
4  H
  	

5/3   
 Ad# 
  
   
 

H

H

	
L
H
.

O
CO2Et
O
O
(MeO)2P O O
4.1 O
CO2Et
O
O
4.2
HO
O
OH
O
O HN
O
O
K2CO3, 18C6,
PhMe, 100°C
40%
Lankacidine C 4.3 

+5/3;

BN630
	
8
+]\
3+.


# Z+
 	3
	3
 
      3L  	 L
3
I4 	 I  I
 D46E4  	
 D=E4  	K
 D?E  
	33DE#3L	33
1		L
B		   
 ; 
  	 3
  	 

 	
  3L  	4  I
   	33 DE . 4 
	
3
I


4I



I
I

	
	'HN
 	
L4 8
 
   
 	  
 	  Z+
 	3
	3
 
	

5-A7 DE 	 3  BHH	
4 
 N 
H

1	33	



:5/1;

	33	
;

CO2Et
O
4.4
N
O
NH2
CO2Et
O
(MeO)2P
O
4.5
4.6
N N CO2Et
N N
CO2Et 4.8
4.7
ou ++
NaOH,
MeOH, t.a.


.  &5d7 55/95/07
 5/5 =? 6@@
: 5/6 =< 
@=
.3

	
	
8
+]\
3+.

  3L  
	
 3
I4  Z+
 	3
	3
 	 
B N  
 
	
	I DE4 	 O    


	L 
  	 B D@E    
  30 
	KDAE

BocHN
O
P(OMe)2
O
4.9 4.10
BocHN
O
P(OMe)2
O 4.11
H2N
O
P(OH)2
O
Et2Zn, CH2I2,
CH2Cl2, t.a.
77%


+5/4'
30	K

L3
	  3Le+
	3
	3
4	
4

	

B

I'B1	4
B

B
30

	
Z+
	3
	3
5/7#+'
53A@7#e+
	3
	3
5/12
	
		
3B
	3
	3
I 5/114 I  
 	
 3 B
   	
	3

L 34 K
	I
3L	
D<E

A
R1
O
X
R2
(Michaelis-Arbuzov)
P(OR)3
(Transfert-[1,3] de phosphore)(Acylation d'un phosphonate d'alkyle)
R1
O
P
O
OR
OR
R2
R1
O
X
P
O
OR
OR
R2
R1
R2
O P
O
OR
OR
C
(Michaelis-Becker)
R1
O
R2
X P
O
OR
OR
B
+
+
+
D


+5/5$
BL1Z+
	3
	3


. 	   	
H 	3

I      	
 

  3L 
I4 3
	
  1 Z+
 	3
	3
 
 	


	
B
53AA7#

 @?
5
B'K
7	

	3
	3X
3

	

J DE 
 		 	
4  	
  
  	   
3

NH
	3
	35	
X
\7


3A<'H		

4	B
 
	3 	 H4  I4 
4 	
 B
  
 
  1
B
B3

DE#
5
3+/X7
1
O 
 I  
 B'K
 53 AA7 	4 4 
 	

3I	O	R
3
	I3ID6E

R
O
X
P(OMe)3
(MeO)2P
O
R
OMe
MeX
R
O P(OMe)2
O Me
P
O
R
MeO
MeO
O
MeX
R
O P(OMe)2
O
+
+
X -
X -
Produit de Perkow
Produit d'Arbuzov


+5/6
B'K

X
\

#


N
B'K
B		B

B
  B 	3
	3
 BX 53 AA7   
	3  	 

4

3
B1	4B5/13	OH

Z+
	3
	3
5/14
	
N	B

	3
	3
353A7D=E

O OMe
OMeBnO
OMe
O
MeO
(MeO)2P
O
Li
4.12
O OMe
OMeBnO
OMe
O
(MeO)2P
O
4.13
THF, -78°C
100%


+5/8;

Z+
	3
	3
	
B	3
	3
BX

#B
		3
HIBB	
B1L

	3
I4H

B

4	
B
B1L
A
I  	3
	3
 BX   	
 
 	L B	 B
4  	H

 	4  
 
 	 O 		  	R B 
 
3
 B 	 B ] 
	
 D?E+   	 B	O3
BI B 1L I  
	3 	  H

 B  I
 ,
4    	 	  BHH3  

 H
 I
I
BHH
I4	H

N
1


1
	3AA4
	
B
B

 
	3  	3
	3
 DE # H

   
	
  1 	 

 	  	 B 
   	3
	3

3
  X # 	3
	3 
  
4      1L  4  I   H+D4@E 
	3
	3
	

Z+
	3
	3

	
2	4
	L
3
B


	3	3
	3

LNZ+

	3
	3
4 
  3L 	 B 
   HH4 
 	
 N 
	

 3	 B		
  	 O  N B
  
 I 
1	43


	B
Z+
	3
	3
5/18
	
	3
5/156d1	53A67DE

O
ClP(OEt)2
O
4.14 4.15
O P(OEt)2
O
4.16
O
P(OEt)2
O
LDA, THF,
  -78°C           t.a.
LDA, THF,
  -78°C           t.a.
72%
(sur 2 étapes)


+5/93LZ+
	3
	3
	H+D4@E	3
	3


#  	 + 
  I 
  	 
    

4B3


		B	

H

  
 	   3 AA D4E4  I B H
 		 N  I
3I  	3
	3
 B
 D@4AE  4 3 
   
 
 I 

2+'	3LZ+
	3
	3
	
I53A=7D<E
'1		L4

BL1Z+
	3
	3
	

		3 	
   3 
I  
  3	 B		
  	 

NB
B3(IB4		
3B
   	      

 
	  

 H

4   		
3  	
 	  
 L N  
 A

Z+
	3
	3
2		34



I  3   13 
  	  
		  
 BL HH 
NZ+
	3
	3


O
P(OEt)2
O
X
4.17
P(OEt)2O
O
H 4.18
SnCl4,
Et2O, t.a.
92%


+5/03LZ+
	3
	3
	
2+'


4.2 Nouvelle approche radicalaire à la synthèse de   -céto phosphonates 

2  3	 	4 
 
     	
 3I  13 4/59
4@+3


+B
3LB
	
  
 L N   
  L 3
I 	 
4 	
B  BJ+3

 
 
	
 DE .  B
  3
 	 
H

	3
	3
43	B		
3
	
ON3L	

B
Z+
	3
	3
41+O 	1
 3L 
I 53 A?7 2     		34 
 
 
 


H
B'K
	3LB		I
I+HH
B
H	



Cl
O
S OEt
S
(RO)2P
O O
S OEt
S
R
I
(RO)2P
O O
R
S OEt
SII
Transfert de
xanthate
3.47


+5/73LZ+
	3
	3
	


.4 BL  	  N  	   	 I 
   


	3 	  	3
	3  X  B
  3
  13 4/59 	4 
H

 
	
 N  
 B'K
  I  
    Z+

	3
	3
  	3
	3 
	
 5H
 
  
X
\72	4 
H

 13   
 
	 	4  		
3  	  
 N 
A
	


H1


NB		I

		?=	

 D6E		
3	O




H
B'K
3LZ+
	3
	3
N	
J+3

	

H
B3K

H
	BH


	
  X
\ 
  B	  
 
	3  B
  Z+
 	3
	3


	
	LB3

		



43LB		I	

4@+
3


 5/17 
 H
 B3K
  H

 B 	 	
  	
L
	   H
  
	
 5/32    IH 53 A7 # 

+ 	3
	3 3  
LH1H
	
4

BO
	3
	3
5/31)N
IB
	


B	O

B1	I  
 	 B
 I  	 B3K
 #B3
 

	 	
  
 N  H

  3
 5/334 I  	 O H
  
135/34
	
	B
13
	
I

				135/344IB	
H
B34

XH		

	



Cl
O
Cl
H2N N
H
O
OMe
(EtO)2P
O
Cl
O
4.19
4.22
Cl
N
Cl
NH
OMeO
4.20
(EtO)2P
O O
S OEt
S
(EtO)2P
N
Cl
NH
OMeO
O
4.23
4.21
Et2O, t.a.
P(OEt)3,
PhMe, reflux
HCl, H2O,
Acétone, t.a.
44%
(sur 3 étapes)
EtOC(S)SK,
Acétone, 0°C
89%


+5/12	
	N3LZ+
	3
	3
	


'
		
BLHHH135/344


 


	
   

   
  H  13 ' 
 H
4 
		
B
		
	
L	

NH



  5-A4+H7	4

B
B
H5/4213	5/34
I5-
A473
gL	
	LB

 A@
   13 5/34  B
H 5/42     	  	 B

1L  	

 J   	 BO 
	  	
 	
	 HH  30


:5/3.135/34
(EtO)2P
OO
S OEt
S
R
(EtO)2P
OO
R
S OEt
S
DLP, ClCH2CH2Cl,
reflux

. !H '5d7 &5d7
 OAc
4.24 
O
(EtO)2P
O
OAc
Xa4.31 
=<
: SiMe3
4.25 
O
(EtO)2P
O
SiMe3
Xa4.32 
=
 CN
4.26 
O
(EtO)2P
O
CN
Xa4.33 
6
& N
N
N
NO
O
4.27

O
(EtO)2P
O
N
N N
N
O
O
Xa4.34

A@

O
O
O
MeO
4.28 
O
(EtO)2P
O
O
O
OMeO
Xa4.35 
6A
5c7
;
N
Ms4.29 
O
(EtO)2P
O
N
MsXa4.36 
=

OO
O
4.30 
+3 +3
3'
B


'
		34
I
H13	3L
HHBZ+
	3
	3
.3
	
	3

I4
AA
1+ 
   L   3L 
I  
 	  

	 L N  
	
 3 H

 'H  
 BO  

	

3



		3L
	

   
4  		3   
 N B B 
 		
3
N3L
5G7+3
)

4.3 Vers une nouvelle approche de la synthèse totale de la (±)-Chanoclavine I 
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4.5 Partie expérimentale 
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4.5.1 Synthesis of (3-Ethoxythiocarbonylsulfanyl-2-oxo-propyl)-phosphonic acid diethyl ester 
(4.23). 
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4.5.2 Synthesis of N-Allyl-N-phenyl-methanesulfonamide (4.29). 

N
SO
O
C10H13NO2S
Exact Mass: 211,07
Mol. Wt.: 211,28

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4.5.3 Radical addition of 4.23 to olefins 4.24 – 4.29 - General procedure. 

'


H5/345I7
H5+@I74+3

+35#i

H5/347\
H1H
<2#5<+<I7\3
2#5<+<I7\
  ?   
	 
	
 
H 5/34 -3 1 \ 3 

 
 


	  3 
 	
   	 -3 \ 	H  H3
3

	3
 
HH
 3
	

	1
H 	

3\331
	





























<A
4.5.3.1 Synthesis of Acetic acid 6-(diethoxy-phosphoryl)-2-ethoxythiocarbonylsulfanyl-5-oxo-
hexyl ester (4.31). 

O
P
O
O
O O
O
S
O
S
C15H27O7PS2
Exact Mass: 414,09
Mol. Wt.: 414,48
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4.5.3.2 Synthesis of (5-Ethoxythiocarbonylsulfanyl-2-oxo-6-trimethylsilanyl-hexyl)-phosphonic 
acid diethyl ester (4.32). 

O
P
O
O
O
S
O
S
Si
C16H33O5PS2Si
Exact Mass: 428,13
Mol. Wt.: 428,62
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4.5.3.3 Synthesis of (6-Cyano-5-ethoxythiocarbonylsulfanyl-2-oxo-hexyl)-phosphonic acid 
diethyl ester (4.33). 

O
P
O
O
O
S
O
S
C14H24NO5PS2
Exact Mass: 381,08
Mol. Wt.: 381,45
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4.5.3.4 Synthesis of [6-(3,7-Dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-purin-1-yl)-5-ethoxythiocar-
bonylsulfanyl-2-oxo-hexyl]-phosphonic acid diethyl ester (4.34). 

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P
O
O
O
S
N
S
O
N
N
N
O
O
C20H31N4O7PS2
Exact Mass: 534,14
Mol. Wt.: 534,59
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4.5.3.5 Synthesis of [5-Ethoxythiocarbonylsulfanyl-5-((3aR,5S,6R,6aR)-6-methoxy-2,2-
dimethyl-tetrahydro-furo[2,3-d][1,3]dioxol-5-yl)-2-oxo-pentyl]-phosphonic acid diethyl 
ester (4.35). 
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C20H35O9PS2
Exact Mass: 514,15
Mol. Wt.: 514,59
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4.5.3.6 Synthesis of [5-Ethoxythiocarbonylsulfanyl-6-(methanesulfonyl-phenyl-amino)-2-oxo-
hexyl]-phosphonic acid diethyl ester (4.36). 
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C20H32NO7PS3
Exact Mass: 525,11
Mol. Wt.: 525,64
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4.5.4 Synthesis of tert-Butoxycarbonylamino-acetic acid ethyl ester (4.48) [44]. 

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C9H17NO4
Exact Mass: 203,12
Mol. Wt.: 203,24
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4.5.5 Synthesis of (tert-Butoxycarbonyl-methyl-amino)-acetic acid ethyl ester (4.49) [45]. 

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O
C10H19NO4
Exact Mass: 217,13
Mol. Wt.: 217,26
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4.5.6 Synthesis of [3-(tert-Butoxycarbonyl-methyl-amino)-2-oxo-propyl]-phosphonic acid 
dimethyl ester (4.50). 

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C11H22NO6P
Exact Mass: 295,12
Mol. Wt.: 295,27
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4.5.7 Synthesis of [3-(tert-Butoxycarbonyl-methyl-amino)-3-ethoxythiocarbonylsulfanyl-2-oxo-
propyl]-phosphonic acid dimethyl ester (4.51). 

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C14H26NO7PS2
Exact Mass: 415,09
Mol. Wt.: 415,46
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4.5.8 Synthesis of  [4-(1-Methanesulfonyl-2,3-dihydro-1H-indol-3-yl)-2-oxo-butyl]-phosphonic 
acid diethyl ester (4.53). 

N
P
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O
OO
O
O C17H26NO6PS
Exact Mass: 403,12
Mol. Wt.: 403,43
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4.5.9 Synthesis of 1-(1-Methanesulfonyl-2,3-dihydro-1H-indol-3-yl)-5-methyl-hex-4-en-3-one 
(4.54). 

N
O
S O
O
C16H21NO3S
Exact Mass: 307,12
Mol. Wt.: 307,41
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4.5.10 Synthesis of 1-(1-Methanesulfonyl-2,3-dihydro-1H-indol-3-yl)-5-methyl-hex-4-en-3-ol 
(4.55). 

N
HO
S O
O
C16H23NO3S
Exact Mass: 309,14
Mol. Wt.: 309,42
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4.5.11 Synthesis of 1-Methanesulfonyl-3-(5-methyl-hex-4-enyl)-1H-indole (4.57). 

N
S O
O
C16H21NO2S
Exact Mass: 291,13
Mol. Wt.: 291,41
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